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Abstract 
 
The construction industry is responsible for a significant part of the solid waste that 
industrialised nations dispose of each year. One reason for this is the inability to easily separate 
materials and components from each other and from the building structure. If buildings were 
designed for disassembly in the first instance, then future material and component recovery 
would be easier. This paper presents a number of principles for design for disassembly that 
have been tested and developed through a process of research through creative practice. A 
number of architectural designs have been used to trial the principles in practice. 
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Introduction 
 
In the industrialised countries of the world, the construction and demolition industry is 
responsible for up to 60% of the total solid waste stream. This figure represents annual 
amounts of 180 million tons of construction and demolition waste in Europe (McGrath, 
Fletcher, and Bowes, 2000), 136 million tons of waste in the United States of America (Kibert, 
Chini, and Languell, 2000), and up to 5 million tons of waste in Australia (Bell, 1998). The 
current rates of materials recycling in the construction and demolition industry are very low, 
typically from 20% to 35% (Kibert, Chini, and Languell, 2000). Much of the material that is 
reused is recycled ‘down’ to a lower grade material such as aggregate and road base. These 
vast quantities of waste and low rates of reuse result in significant negative environmental 
impacts (Ruby and Ruby, 2010). 
 
One of the reasons for these low rates of reuse and recycling is the difficulty in separating 
components and materials from each other and from the building. Current construction 
industry practice pays little attention to the long-term impacts of its construction methods. 
The current technological paradigm is focused on the initial assembly of the building and short-
term economic issues. As such it fails to offer adequate opportunity for the future removal of 
components and materials for replacement or for reuse and recycling. In essence, the current 
systems of the construction industry have failed to offer the solutions to deal with disassembly 
as a strategy to reduce the growing quantities of waste creation and resource depletion. 
 
Design for Disassembly Research 
 
While there is limited empirical research into design for disassembly in buildings, there are 
several interesting discussions of this topic, and indeed several buildings that have been so 
designed. The idea of using design for disassembly in buildings as a strategy to improve rates 
of reuse and recycling, and thereby improve environmental performance, has been discussed 
for some time (Durmisevic and Yeang, 2009), even by such noted writers such as Victor 
Papanek (1995), and Brenda and Robert Vale (1991). These discussions are interesting and 
insightful, but empirical research in the area is limited. 
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In their book 'Green Architecture', Brenda and Robert Vale propose six principles for building 
green architecture, one of which is minimising new resources (1991, p. 107-127). They take up 
the dictum of William Morris, that materials should be honoured, and suggest that one way of 
doing this is to ensure that a material can be re-used at the end of its first service life. This can 
be done through 'the technical expedition of using materials that can be recycled and systems 
of construction that can be dismantled without destruction' (p. 123). While such disassembly is 
proposed, it is noted that the reuse of the whole building, for a different function, is a more 
preferable alternative to material recycling, at the end of a buildings first service life. This in 
essence acknowledges a recycling hierarchy in which design for disassembly may play an 
important part in ‘high level’ recycling. 
 
The noted environmentalist writer Victor Papanek (1995) makes much of the idea of design for 
disassembly, most notable for product design. He also proposes it as a technique for 
architecture that could reduce resource use. As well as the environmental benefits of reducing 
the negative environmental impacts of pollution and resource depletion, he notes the 
potential social benefits of design for disassembly in a society where people could build more 
of their own products and buildings from kits of parts (1995, p. 201-202). Papanek promotes 
alternative systems of ownership and consumption, systems that are less capitalist in their 
philosophy. Within such systems he sees design for disassembly as a way of empowering the 
community to take control and make more decisions about their own built environment. 
 
In his book 'How Buildings Learn', Stewart Brand (1994) discusses the fate of buildings during 
the decades after they have been built. His lasting point is that architects and designers 
seldom consider the way in which buildings are modified and adapted by their users, but that 
such physical change to the building fabric is an important aspect of our built environment. 
Brand identifies design for disassembly as a strategy for allowing such future alterations to 
buildings, even at a structural level (p. 194). In particular he notes the advantages that historic 
timber framed structures have exhibited through their techniques of construction that allow 
for ease of disassembly. 
 
Other researchers and authors to have discussed design for disassembly include staff from the 
University of Florida. Research there into sustainable development of the construction industry 
has identified design for disassembly as an important consideration in reducing resource use 
(Kibert, Senzimir, and Guy, 2000). It is noted that the construction of buildings does not 
generally consider future disassembly, but that in a more ecologically responsible society, 
buildings would be designed with decoupling systems that would allow removal of 
components or whole buildings as desired. 
 
Catalli and Williams (2001) also discuss the environmental benefits of design for disassembly in 
architecture, noting that disassembly must be considered at the design stage in order to be 
effective. As well as discussing the current attitudinal problems of the construction industry 
they propose a number of basic design principles that could be adopted to promote higher 
levels of disassembly. 
 
 Design for versatility 
 Design for durability 
 Plan for easy access 
 Reduce complexity of design 
 Independence of assemblies from each other 
 Make important information explicit and available 
 Expose connection 
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 Make components with the shortest life expectancy most accessible 
 Use materials with non-contaminating finishes 
 
Research at the Robert Gordon University, Aberdeen, into affordable housing has investigated 
the strategy of design for disassembly. This has been done in an effort to reduce long-term 
waste creation through increased recycling and reuse (Paterson, 2000). Research has been 
conducted through the construction of a number of experimental housing systems based on 
prefabricated modules. Some of the issues identified during these experiments include: 
 
 Handling 
 Identification tagging of components 
 Compatibility of sizes with commercial standards 
 Simplicity of construction techniques 
 Independence of materials 
 Exposure of mechanical connections 
 Making shortest anticipates lifecycle most accessible, 
 Independence of structure and partitioning 
 
Other research in the United Kingdom (Fletcher, Popovic, and Plank, 2000) also identifies 
design for disassembly as a key strategy for improving the environmental performance of the 
construction industry through increasing the rates of reuse and recycling. In a survey of the 
demolition industry, knowledge and opinion was sought on design strategies that could 
improve future disassembly. This resulted in a number of strategies: 
 
 Design issues - need to consider the whole of the life cycle 
 Information - retain as built drawings, asset register of materials, demolition plans, avoid 
information overload 
 Market - develop increased demand for reused and recycled materials 
 Disassembly - selective demolition programs, more time for dismantling 
 Construction - fewer composite structures, simple forms, exposed steel structure, 
external fitting to attach scaffold 
 Pre-cast and Pre-assembly - prefabricated panels, dry construction techniques 
 Use simple materials and designs 
 Separating of complex (composite) materials 
 Avoid hazardous materials 
 Concrete frames without steel 
 
Initiatives in Disassembly for Recycling and Reuse 
 
In Germany several case studies have been conducted in the disassembly of existing buildings 
that were not originally designed for future disassembly. These studies have achieved recovery 
rates of up to 97% for the reuse and recycling of materials. Such studies have included 
comparative study of identical buildings dismantled using conventional demolition and 
selective disassembly. Such study has shown that while initial costs of dismantling are higher 
for selective disassembly, the costs for recycling, disposal and transportation are significantly 
lower (Ruch, Schultmann, and Rentz, 1994; Schultmann and Rentz, 2000). At the Deutsch-
Franzosisches Institut fur Umweltforschung in Germany research has been conducted on a 
computerised auditing process for the disassembly of existing buildings. This audit will provide 
information on both technical and economic aspects of disassembly including the cost of 
disassembly, versus demolition, and the value of recovered materials (Schultmann and Rentz, 
2000). Other research projects, in other countries, have also developed auditing systems for 
 INTERSECTIONS: Expertise, Academic Research and Design – International Symposium 
Florence (Italy), June 30, 2014 
 4 
the disassembly of existing buildings. The BELCANTO system developed at the Delft University 
of Technology in the Netherlands is a tool to assess the end-of-life options for unwanted 
buildings. BELCANTO is a way of calculating the qualitative and quantitative environmental 
loads and the life-cycle costs of various demolition or disassembly options (Van Dijk, 
Boedianto, Dorsthorst, and Kowalczyk, 2000). 
 
There are also a number of realised construction projects in the Netherlands that have 
investigated various aspects of disassembly for reuse or design for disassembly. Since 1976 
research at the Delft University of Technology has investigated dismantlable precast concrete 
systems for housing construction. This research, supported by the Government Building 
Agency, has developed and constructed numerous housing projects designed for future 
disassembly for the reuse of components. These projects include: MXB-5 System, Bestcon-30 
System, CD-20 System, Moducon 2000 System, and the SMT System. All of these systems utilise 
bolted connections to join precast modular elements (Van Dijk, Boedianto, Dorsthorst, and 
Kowalczyk, 2000). Other projects of note in the Netherlands include the design and 
construction of the XX Office building, and the disassembly of a housing block for reuse in 
Middelburg. The XX Office building was designed, by XX Architecten, for future disassembly to 
overcome problems of future renovation during its short life expectancy of just 20 years. This 
building has been investigated by researchers at the Delft University of Technology using the 
BELCANTO system (Guequierre and Kristinsson, 1999). This research identifies the life 
expectancy of components within the building and strategies for their reuse or disposal, 
though it falls short of investigating the initial strategies of design for disassembly. 
 
In Norway a number of government ministries have jointly established EcoBuild. One of the 
goals of this group is to reduce construction and demolition waste by more than 70% through 
the establishment of recycling and reuse markets. Trade organisations are also developing a 
national action plan for construction and demolition waste and seek to develop targets for 
recycling rates (Myhre, 2000). Much research in Norway focuses on the recycling of crushed 
brick and concrete to produce aggregate for new concrete. The RESIBA (Recycled Aggregate in 
Building and Construction) project is being conducted by a number of manufacturers and 
construction organisations to investigate the use of recycled aggregate in new concrete. Much 
of the research in this project is associated with defining and controlling the quality of the 
recycled aggregate (Myhre, 2000). 
 
In the United Kingdom, the Building Research Establishment (BRE) has conducted several 
research projects on the reuse of demolition materials. In the demolition of one of their own 
office buildings, an estimated 95% of the material was salvaged for recycling or reuse in the 
construction of a new two story office building, the "Office of the Future" at Garston, Watford. 
Another project studied by the BRE that also achieved an estimated 95% reuse and recycling of 
materials was the demolition of the IBM offices at Hursley (McGrath, Fletcher, and Bowes, 
2000). On a more general theme, research has been conducted in the UK into developing a 
model for understanding and dealing with the recycling of building demolition materials. This 
model seeks to explain systems of building obsolescence, demolition technologies, decision 
process regarding demolition techniques, transportation of waste materials, environmental 
impact of demolition alternatives, and the ease of demolition or disassembly of a building. The 
aim of the project is to all more informed decisions about building demolition versus 
disassembly (Golton, Hiley, and Frost, 1994). 
 
The United States of America federal government is in the process of closing many excess 
military bases. In an initiative to reduce the environmental impact of building demolition at the 
bases, disassembly for material salvage is being investigated as an alternative. The rates of 
recovery of materials for reuse are very high, typically from 80% to 90%. These high rates are 
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in part due to the fact that most of these structures are predominantly timber, a material that 
lends itself to disassembly and reuse. It has also been noted that the economic value of 
recovered timber is at times higher than that of virgin timber. The University of Florida is also 
involved in many research projects associated with the disassembly of existing timber 
structures, including houses and churches, and has achieved similarly high rates of recovery 
(Kibert, Chini, and Languell, 2000). 
 
One government initiative of interest relates to the U.S. Department of Housing and Urban 
Development's program for demolition, construction, and refurbishment of public housing. 
The Hartford Housing authority, Connecticut, now requires that a strategy of deconstruction or 
disassembly must be incorporated into such funded public housing projects. The intent of this 
program is both environmental improvement in terms of waste reduction, and also the 
creation of job training and employment opportunities within the local community. This 
program seeks environmental, economic and social benefits through disassembly (Kibert, 
Chini, and Languell, 2000). 
 
There are many interesting government initiatives and university research proposals that seek 
to reduce the quantity of waste produced by the construction and demolition industry. Most 
of these seek to address the issues of how to deal with existing buildings and existing waste; 
some also deal with the design of buildings for future disassembly (Easterling, 2010), 
(Gorgolewski, 2008), (Leigh and Patterson, 2006). 
 
Research through Creative Practice 
 
A thorough review of the aforementioned buildings, and many others that exhibit aspects of 
disassembly and reuse, has been presented elsewhere (Crowther, 1999) (Crowther, 2009). This 
analysis has however been theoretical, and while it has produced valuable principles for design 
for disassembly (Crowther, 2005) it did not test those principles in practice. In order to develop 
these principles further a number of architectural design projects have been undertaken. 
These projects, some realised and some speculative, range from single family detached houses 
to large scale urban development proposals of several hectares. Three such projects are 
illustrated below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: timber house; disassembled into component sizes pieces, and awaiting relocation and 
reassembly. Exhibits aspects of sizing components to suit the means of transport, and use of 
hierarchy of elements related to life expectancy. 
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Figure 2: learning landscape; school building system designed for adaptable disassembly and 
reconfiguration. Exhibits aspects of self-buildability, parallel assembly, and the minimisation of 
the number of different component types. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Cockatoo Island redevelopment for arts biennale; temporary buildings and movable 
infrastructure designed for disassembly. Exhibits aspects of using an open system, providing 
material identification, and modular systems. 
 
Experimentation and research through creative practice, has confirmed the value of the 
following principles of design for disassembly as strategies for reducing future waste through 
demolition and disposal. 
 
 Use lightweight materials to facilitate easy handling of components. 
 Size components to suit the proposed means of handling. 
 Separate structure from cladding to allow changes to the building envelope. 
 Provide access to all parts of the building that are to be disassembled. 
 Arrange components in a hierarch of access related to life expectancy. 
 Allow for parallel disassembly rather than just sequential disassembly. 
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 Use a modular system that is compatible with existing standards. 
 Use low technology solutions and standard tools and practices. 
 Minimise the number of different components and connectors. 
 Use mechanical connections not chemical ones. 
 Provide a means of identification of components and assembly instructions. 
 Design using an open system that allows for structural alternatives. 
 Avoid deformation of components due to repeated assembly process. 
 Allow for disassembly at all scales from materials to whole buildings. 
 
These principles, along with overarching strategies for sustainability (Crowther, 2009) present 
a new potential for reducing demolition and construction waste; and for ensuring a more 
sustainable built environment. 
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